Stress intensity factors under combined bending and

torsion moments by Ismail, Al Emran et al.
Stress intensity factors under combined bending and 
torsion moments 
Al Emran ISM AIL^^", Ahmad Kamal ARIFFIN', Shahrum ABDULLAH', Mariyam Jameelah GHAZALI', 
Mohammed ABDULRAZZAQ', Ruslizam DAUD' 
( ' i i ic i i l ty "{Mechoniciii le Munli/t idli i ing i ingmre i in~,  Univer.viri ?im Hzi,~.vrrn Onn Mdciy.sitz. Hniii t'rinor K6iVO .lohor: Miiiiiy.siu) 
(' iocii i ly qfi inginerrng R Hiiiil i:nvin,nmrnt. i/nivsi.~iri Krhi rn~~i run  Mir!<iy>iu. Hirngi 43600. .Sekmgo!r M~iii$i.siii) 
('Scho<ii i~lMenrchritmn~c i in~ inernnf i  Iiniverriri Mirkiyrirr i ' r r la.  Al iw i~Z(iO0. I'uriii, Mtriuyiir) 
'E-mail: emran@uthm.edu.my 
Received Feb. 20,201 1: Revision accepled May 19,301 I: Crosschecked Dec 6,201 1 
Abstract: This paper discusses stress intensity factor (SIF) calculations for surface cracks in round bars subjected to combined 
torsion and bending loadings Different crack aspect ratios, nib, ranging from 0 0 to 1.2 and relative crack depths, a/D, ranging 
from 0, I to 0.6 were considered Since the loading was non-symmetrical for torsion loadings, a whole finite element model was 
constructed, Then, the individual and combined bending and torsion loadings were remotely applred to the model. The equ~valent 
SIF method, F ; ~ ,  was then used explicitly to combine the individual SlFs from the bending and torsion loadings A comparison 
was then carried out with the combined SIF, jFE, obtained using the finlte element analysis (FEA) under slmilar loadings. It was 
found that the equivalent SIF method successfully predicted the combined SIF for Mode I However, discrepwcies between the 
results detern~ined from the different approaches occurred when F,,, was involved It was also noted that the predicted iFE using 
FEA was higher than the F ' ~ ~  predicted through the equivalent SIF method due to the difference in crack face interactions. 
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1 Introduction 
Round bars are generally used to transmit power 
from one component to  another (Carpinteri, 1992; 
1993). These components are subjected to fatigue 
stresses which can cause mechanical damage and 
premature failure. The initiation o f  fatigue cracks on 
the surface is usually due to mechanical defects, such 
as notches (Alshoaibi and Ariffin, 2006; Alshoaibi e l  
a/., 2007; lsmail e l  al., 2011) and metallurgical de- 
fects (Cray e l  al,, 1985). In service, a rotating shaft is 
generally subjected to a combined loading due to its 
self-weight, which induces a bending moment, and 
torsion loadings. In fact, any arbitrary shapes ofcrack 
initiation may grow and take a semi-elliptical shape 
(Lin and Smith, 1997). Then, linear elastic fracture 
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mechanics (LEFM) has been used to analyze stress 
intensity factors (SIFs) along the crack front. The 
solution o f  SIFs for a wide range of geometries under 
Mode I loadings has been reported (Raju and New- 
man, 1986; Carpinteri, 1992; Fonte and Freitas, 1999; 
Carpinteri et a / ,  2006; Mahmoud:2007). However, 
the calculation o f  SlFs for bars subjected to Mode I l l  
loadings and that o f  SlFs  under combined loadings, 
such as bending and torsion, have rarely been studied 
(Fonte and Freitas, 1999; Shahani and Habibi, 2007). 
Therefore, the aim of this study was to obtain the 
SIFs for semi-elliptical surface cracks subjected to a 
bending moment, a torsion moment and the combina- 
tion of bending and torsion loadings. This work was 
also carried out to investigate whether the SlFs from 
different modes could be explicitly combined using the 
superposition or equivalent SIF methods. The resulls 
from these methods were compared with the SIF 






(Fig. 12c), where  the  combined SIFs,  F ' ~ , ~ . ~ ~ ~ ,  were  
almost in agreement with each other. 
7 Conclusions 
FEA were  performed fo r  semi-elliptical surface 
cracks in round bars under combined torsion and 
bending loadings. N o  published solutions were  found 
to calculate the  normalized SIFs, especially under the  
combined loadings. It had  been assumed that the  SIFs 
could be directly combined.  Based on the  findings of 
this study, the  direct S IF  combinations were  rather 
questionable and inappropriate when different modes 
were  involved, when compared with FEA results. T h e  
discrepancies in the results between the  explicitly 
combined S l F s  and the  SIFs obtained using FEA were 
due  to the  different crack opening mechanisms shown 
by the  deformed meshes,  in which the  crack faces 
were closed under pure torsion. T h e  crack faces were  
opened under combined loadings even in the  presence 
of torsion moments.  T h e  opening crack faces under 
the ,  combined loadings increased the relative node 
distances. A N S Y S  then  used these relative distances 
to calculate t h e  SIFs. As  a result, a higher F*FE was  
obtained, relative to t h e  F ' ~ ~  due to the different 
mechanisms of  crack deformation. 
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